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Report No. LO41L4.0l-12

I. OBJECTIVES
The objectives of this program are:

A. To study the susceptibility to stress-corrosion cracking of solid-
rocket-motor case materials: e.g., Vascnjet 1000, Type 300M, and ladish D6AC
alloy steels, AM355 and PH 15-7 Mo stainless steels, and B120VCA titanium

B. To study the environmental parameters, including the atmosphere
both inside and outside the rocket case, that affect the rate and extent of

stress corrosion

C. To determine the effect of material parameters (composition, strength
level, microstructure, surface conditions, etc.) on the stress-corrosion process

D. To devise and evaluate techniques for preventing the stress-

corrosion cracking of solid-rocket-motor case materials,

IT. WORK PROGRESS

A. BENT~BEAM SFPECIMENS

All of the environmental bent-beam stress-corrosion test data
compiled to date are sumarized in Table 1. These results reflect both completed
tests and tests in progress. Six alloys are being evaluated in eleven different
environments. Specimens of ILadish D6AC, Type 300M, ard Vascojet 1000 alloy
steels, AM355 and PH 15-7 Mo stainless steels, and Bl20VCA titanium alloy are
being tested in air, distilled water, tap water, 0.25% sodium dichromate
solution, 1% marquench salt solution, 3 sodium chloride solution, trichloro-
ethylene, cosmoline, 4% soluble~cil solution, high humidity atmosphere, and
solid propellant.
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Report No. IO414-01-12

1 Mr

No faillures were observed with any of the specimens exposed
to laboratory alr. The duration of most of the exposure periods was 4 weeks.
Some Iadish DOAC and PH 15-7 Mo specimens were exposed for over 17 weeks.
Average alr temperature in the laboratory was T5°F; the relative humidity averaged

50h.

2. Distilled Water

An environmment of distilled water was found to be the most
conducive to stress-corrosion cracking. At yleld strengths ranging from 235,000
to 250,000 psi, Vascojet 1000 specimens falled in the shortest period of time,
generally within a week. Specimens of Type 300M and Iadish D6AC alloys began to
fail after 7 weeks of exposure. No failures were noted with the titanium or

stainless steel alloys, even after 17 weeks of exposure.

7 Tap Water

Some failures were observed iIn a vap vmter envircnuent;
hovever, when compared tc distilled water, the number of fallures was smaller,
and the time before fallure was longer. Vascojet 1000 again was the alloy most
susceptible to stress-corrosion cracking. The average times-to-failure for
specimens with yield strengths ranging from 235,000 to 250,000 psi was 1 to 2
veeks for the Vascojet 1000 alloy, while there wereno failures of the Type 300Mor
Ladish DALC steels after rore than 16 weeks of exposure. No fallures were noted

with the titanium or stainless steel alloys after the same exposure periocd.

L, Sodium Dichromate Solution

No fallures were observed with specimens exposed to a 0.25%
by wt sodium dichromate solution. Exposure times ranged from 3 to 15 weeks.

This enviromment also inhibited surface corrosion on all of the alloys.

5. Marquench Salt Solutlon

No failures were observed with specimens exposed to a 1% by wt

solution of Marquench salts (a mixture of nitrates and nitrites). Exposure times
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Report No. LOL14-01-12

ranged from 3 to 15 weeks., This enviromment also inhibited surface corrosion
on all of the alloys.

6. Salt Solution

Stress-corrosion cracking of Vascojet 1000 steel occurred after
an exposure time of 1 to 2 weeks in a solution of ¥ by wt of sodium chloride.
None of the other alloys falled in up to 15 weeks of exposure time. The one
exception to this was the Bl20VCA titanium alloy; however, these failures werec
attributed to faulty specimens rather than to stress-ecorrosion cracking.

T. Trichloroethylene

Two specimens of one of the alloys tested falled in a tri-
chloroethylene environment after exnosure times ranging from 3 to 15 weeks. The
alloy vhinh failed was DL20VCA titaniwm; these Pailures wers attributed to

faulty specimens rather than to stress-corirosion cracking.
8. Cosmoline

All specimens tested in E. F. Houghton's Cosmoline 377, a
water-displacing rust preventive, passed exposure periods of 3 to 15 weeks

without failure.

9. Four Percent Soluble-0il Solution

No failures were encountered with any of the specimens tested
in a ¥ by volume aqueous solution of Chevron's soluble oil. Exposure periods
ranged from 3 to 15 weeks.

10. High Humidity

An atmosphere of 100% humidity at 190°F, caused no failure in
specimens of PH 15-7 Mo stainless steel in a period of 16 weeks, and AM355 in
2 weeks. Iadish DOAC specimens showed failure times of 1 to 2 weeks at the
higher strength levels and no failures in 26 weeks at lower strength levels,
Type 300M steel specimens began to fall in less than a week.
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11, Solid Propellant

Selected specimens of each alloy were bonded with a solid
propellant and subjected to long-term storage at both ambient temperature and
at 180°F. Since the testing in this enviromment has just been initiated, no
data 1s avellable at this time.

B. U-BEND SPECIMENS

All the environmental U-bend stress-corrosion test data compiled to
date are summarized in Teble 2, U-bend specimens of Iadish D6AC, Type 300M, and
Vascojet 1000 alloy steels are being tested in distilled water, tap water,

Qe25% sodium dichromate solution, 1% Marquench salt solution, % scdium chloride
golution, trichloroethylene, Cosmcline, and 4% soluble-oil solution.

1. Distilled Water

As with the bent-beam specimens, a distilled-water environ-
ment was found to be the most aggressive., In the yleld strength range of
235,000 to 250, 000 psi, Vascojet 1000 specimens failed in about 1 week, vhile
Type 300M and Ladish DAAC specimens failled in 2 to 4 weeks. Failures of all
three alloys were observed at the 200,000 psi yleld strength level; these

failures occurred in 16 to 24 weels,

2. Tap Water

Fallures at the higher strength levels were observed at about
the same time they occurred in distilled water. However, at lower strength

levels, no failures were recorded in this enviromment after 24 weeks of exposure.

3 Sodium Dichromate Solution

No faillures were observed with any of the specimens tested in
an environment containing sodium dichromsate.

L, Marguench Salt Solution

No failures were observed with any of the specimens tested in
a marquench selt solution environment.
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5e Salt Solution

A salt solution enviromment was about equally as aggressive
as was the distilled water. However, the Iadish DGAC alloy was slightly more

_ resistant, since no failures were observed at the 200,000 psi yieli strength

level after 2L weeks of exposure,

6. Trichloroethylene

Specimens of a1l 3 alloys at the higher strength levels failed
in this environment after about seven weeks. No fallures have occurred at the
lcwer strength levels after 24 weeks of exposure,

T Cosuwoline

No failures were observed in the case of specimens tested in a

cesmelire envirorment,

8. Four Percent Soluble-0il Solution

No failures were observed with any of the specimens tested in

o 4% scluble-n1l solution.
IITI. ¥UTURE WORK
The following future work is pi.nned:
A, Continuation of the tests already in progress

B. Completion of the environmental stress-corrosion testing with bent-
beam specimens of all the candidate alloys which have been bonded with solid
propellant at ambient and at elevated temperatures

C. Environmental stress-corrosion testing of welded bent-beam specimens
of Iadish D6AC, Type 300M, and Vascojet 1000 alloy steels, and B120VCA titanium
alloy, in distilled water, tap water, salt water, and high humidity

D. Screening and evaluation of protective coatings for preventing or
ninimizing stress-corrosion cracking.
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TABLE 1

BENT- BUAM ﬂ
o Envi
, . 1% Margquench
Yield Alr Digtilled Water Tap Water 0.20% Na,Orp0y Soln.  gu1p soln. 3%
Strength Time to Time to Time to Pime to Time to
0.2% Offset No. of Pailure No. of Feilure No. of Failure No. of Failure No. of Failure No. A
Alloy psi x 10~3  Specimens (Days)  Specimens (Days) Specimens  (Days) Specimens  (Days) Specimens  (Days) Specin
*
Ladish DGAC 197.5 3 NF-28 % NF-21 3 NF-21 3 NF-21 3 NF-21 3
222.5 3 NF-28 3 NF-21 3 NF-21 5 NF-21 . 3 NF-21 3
222.5 - - - - - - Z - Z - Z
222.5 - - . - - - - - - - -
235.0 3 NF-28 3 NF--1 3 NF-21 3 NF-Ell 3 NF-21 5
235.0 3 NF-121 2 NF-104 3 NF-104 3 NE-104 5 NF-10h4 3
235.0 - - 3 NF-121 % NF-121 - - - - -
235.0 - - 1 15,8 - - - - - - -
22,0 ] NF-28 3 NF-21 % NF-21 3 NF-21 3 NF-21 3
252.0 3 NF-191 2 NF-121 3 NF-104 3 NP-104 3 NF-10k 3
252.0 - - 1 84,0 3 NP-121 - - - - -
252.0 - - 1 Y58 - - - - - - -
252.0 - - 1 115.0 - - - - - - -
252,0 - - 1 18,7 - - - - - -
Type 300M 196,0 3 NE-28 A N¥-21 35 NF-21 3 NF-21 3 NF-21 3
213.0 % NF-28 5 NF-21 5 NF-#1 3 NF-21 % NF-21 3
213.0 - - - - - - - - - - -
213.0 - - - - - - - - - - -
25,0 3 NF-28 ] NF-i21 5 NF-21 5 NF-21 3 NF-21. 3
233.0 - - 1 NF-121 4 NF-121 - - - - .
233.0 - - 1 hau - - - - - - -
Uh30 - - 1 11ma - - - - - - -
Vascojet 1000 b % NF-28 % NE-21 4 NF-1 4 NF-21 3 NF-21 3
212,40 4 NEF-028 ) NF-c1 4 NF--1 % NF-21 4 NF-21 3
257.5 3 NF-2 1 o 1 5.7 4 NF-21 5 NF-21 1
2574 - - 1 .8 1 17 - - - - 1
2375 - - 1 ) ! 5.7 - - - - 1
2h0,0 3 -4 1 boM ] O 4 NF-21 3 NF-21 1
250.0 - - 1 5.0 1 EI:) - - - 1
2h0,0 - - ! 994 1 wt - - - - 1
K
AM355 192.0(T) 4 NE-ho % NF-ho 4 NF-ho 3 NF-h 3 NF-49 3
250.0(L 3 NF-i2i NF-1 4 NF-1 4 NF-1 7 NF- 21 3
250.0(1 - - 5 NE- 101 . NK-1,1 - - - - -
218, 5(Lg 5 1=k 4 NE-i11 . NF-i] . NF- 21 3 NR-21 3
oS (L - - 4 NF-121 , NF-121 - - - - Z
PH -0 Mo U 5 - A NF- 10 A HE= 2 NF~Toe 3 NF= 1005 5
HRONT} 4 NK-10 g NF-1e» 2 HE- v 4 HR- 2 NF Lo, 2
257.0 % NF-1:1 % W= ton 4 =111 - 2 NF= 10 z NF-10n ”
BLZOVCA L )
Titenium 137.5(L) . Np-8 5 NF-:1 4 NF-1 4 NK-21 5 NF-21 5
154.5{T) 4 NI=H 4 NF-:t1 4 NF-.L 4 NE-01 A NF-21 1
129.5(T) - - - - - - - - - . !
149.5(T) - - - - - - - - - . ]
145.5(T) 5 NF-28 K NI b NE-1 K -1 3 NF-21 %
5.5() - - - - - - - - - - -
149.0(L) 4 NE- 2t b Ni-301 5 Ni-i1 5 NF-i1 3 NE-21 5
14.0(L) 4 NE-® 4 NE'-i 4 NE-: 1 % NF-21
1656.0( % NP H 4 NE-21 4 NF-21 4 NF-21
6.0 . - 4 NF-1:1 4 Ni-1-11 - .

*:Strensed to Tu% of the v, offset yleld strenpbh.
w28 - N failure In L dayo.
I  lonpglitwiinal, T  transvers:.




HENT-EEAM STHEBS-CORROSION TEST DATA"

. . e e e Environment —
1% Marquench
. Distilled Weter Tup Weter 0.25% "‘2°’a°¥ Boln. gait Boln, 26 ol Soln. _ Trichlorostiylens Cosmoline 4% Soluble-011 8ol
Mue to me to me to _ Time to me to me to Time to

No. of Tailure No. of Failure No. of Fatlure No. of Failure No. of Fatilure fo. of Failure No. of Failure No. of Failur
Specimens (Days)  Specimens (Days)  Specimens (Days)  Specimens (Dayo)  Epecimens (Days)  Bpecimens (Deys)  Srecimens (Days)  Specimens  (Days)

*»

3 NP-21 3 NF-21 3 NF-21 3 Nr-21 3 NF-21 3 NF-21 3 NP-21 3 P-21

3 Kr-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 % NP-21 3 NP-21 3 r-21

3 NP-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 5 RF-21 3 NP-21 3 NP-21

2 NF-104 3 NP-104 3 NF.104 3 NF-104 3 NP- 10k [ NP-10k 3 NF-10L 3 NP-1C

3 NF-121 3 NF-121 - - - - - - - - - - - -

1 103.8 - - - - - - - - - - - - - -

3 WwP-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NP-21 3 M¥-2]

2 NF-121 3 NF-104 3 NF- 10k 3 NF- 104 3 NF-10h 3 NP-10i 3 NP-104 3 NP-1C

1 84.0 3 NF-121 - - - - - - - - - - - -

1 95.8 - - - - - - - - - - - - - -

1 13,0 - - - - - - - - - - - - - -

1 118.7 - - - - - - - - - - - - - -

3 NF-21 3 NF-2), 3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-2L 3 KP-2:

3 RP-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 5 NF-21 3 -2

3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NP-21 3 NF-21 3 NP-2

1 NF-121 3 NF-121 - - - - - - Z - z - - -

1 84.0 - - - - - - - - - - - - - -

1 112.0 - - - - - - - - - - - - - -

3 NP-21 3 NF-21 3 NF-21 3 NF-Z1 3 NF-21 3 NF-21 3 NF-21 3 NP-2.

3 NF-21. 5 NF-21 3 NF-21 3 NF-21 3 NP-21 3 NP-2. 3 NF-21 3 RF-2

1 7.6 1 13.7 3 NP-21 3 NF-21 1 6.9 3 NF-21 3 NF-21 3 NF-2

1 7.8 1 .7 - - - - 1 10.0 z - Z - - -

1 7.9 1 15.7 - - - - 1 10.1 - . - . - -

1 1.8 1 2.7 3 NF-21 3 NF-21 1 1.2 3 NF-21 NF-2L 3 NF-2

1 3.2 1 8.8 - - - - 1 1.7 - - z - z -

1 4.3 1 2.7 - - - - 1 6.7 - - - - - -

3 NP-49 3 NF-49 3 NF-h3 b] NF-47 3 NF-L9 3 NP-4a 3 NP-Ly 3 KF-4

3 NF-21 3 NF-21 3 NF-22) 3 NF-.1 ) NF. 3 NF-21 5 NF-21 3 NF-2

3 RF-121 3 NF-121 - - - - - - Z . z - z -

3 NF-21 5 NF-21 3 NF-21 3 NF.21 3 NF-21 5 NF-21 x NF-21 3 NF-2

3 FF-121 3 NF-121 - - . - - - z - z - . -

3 NF-1C9 3 Ni- 100 3 NF-10y 3 NF-107 k] NF-109 3 NF-10y 3 NF-109 3 NF-1

3 NF-109 ¥ NF-10% 3 NF-10n 3 NF 10, 5 NF-10% 5 NF-109 5 NF-10% 3 NF-.

5 NF-109 g NF-107 3 NF-10m 3 NF-107 3 NF-100 % NF-109 % NF-109 3 NF-1

3 NF-21 5 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 5 NF-21 3 K-

3 NE-21 5 NF-2 3 NF-21 3 NF-21 1 NF-21 2 NF-21 3 NF-21 3 NF-

) - - - - - - 1 0.004+ 1 3.4 z - - -

- - = - - 1 0.0% - - - - - -

:’.' NF: 2 ? NF: = f NF-21 3 NF-01 5 NF-21 2 NF-21 3 NF-21 3 NP-%
- - - - - 1 0.9 - - -

3 NF-21 5 Ni-21 5 NF-21 3 NF-01 5 NF-21 5 NP2l 3 WF-21 5 NF-

3 NF-21 3 WF-21 3 NE-21 5 NF-21 5 Ne- 5 NF-21 ) NF-21 3 -

3 NF-21 3 NF-21 3 NF-21 3 NF-p n .

3 NF-121 3 NF-121 : - ? s 3 NF-21 3 NF-21 3 ¢

ngth.




TABIE 1 . Report No, LOklk-01-12

EEWT-BRAN OTRESS-00RROSION TEST MA.

Environment —
1% Marquench

-25% "2°"a°¥ Sola. g4yt goln. 3% NaCl Soln, Mcumcg,*uu Cosmoline ug Bolublo-%l Soln. _ High Humidi
.ma TO !m EO »e tO ne !IM 50 e

No. of Failure No. of Failure No. of Fatlure fo. of Pailure  No. of Failure No. of Failure No. of Tailure
pecimens (Days)  Specimens (Days)  Specimens (Pays) Specimens (Days)  Specimens (Daye)  Specimens (Days)  Specimens (Dmys)

3 NF-21 3 Ne-21 3 X¥-21 3 NF-21 3 w21 3 w-21 3 nP-181
3 NF-21 3 NF-21 3 NF-21 3 nr-21 3 XF-21 3 r-21 1 nr-181
- - - - - - - - - - - - 1 57.0
- - - - - - - , - . - - - 1 61.7
3 WP-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 w21 1 23.0
3 NF-104 3 NF-104 3 WF- 10k 3 NF-104 3 NF-104 3 NP-104 1 2.2
: - - - - - : - - - - - 1 %.7
3 NF-21 3 NF-21 3 N¥-21 3 NF-21 3 NF-21 3 NP-21 1 5.7
3 KF-10k 3 NF-104 3 NF-104 3 NP-104 3 NP-104 3 XP-104 1 7.0
- - . - - - - - - - - - 1 4.2
3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NP-21 3 Nr-21 3 15
3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 Nr-21 1 NF-15
z - : - - - : - - - - - 1 3.9
- - - - - - - - - - - - 1 6.9
3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 Nr-21 1 2.7
z - z - - - : - . - - - 1 3.9
- - - - - - - - - - - - 1 4.8
3 NF-21 3 NF-21 3 NF-21 3 NF-2 3 NF-2) 3 NF-21 - -
3 Nr-21 5 NF-21 3 NF-21 3 NF-21 3 NF-21 3 r-21 - -
3 NF-21 3 NF-21 1 6.9 3 wr-p1 3 NE-21 3 F-21 - -
- - - - 1 10.0 - - - - - - - -
- - - - 1 10.1 - - - - - - - -
NF-21 3 NF-21 i i? 3 NP--2) 3 NF-21 3 NF-21 - -
- - - - 1 6.7 - ; : - N - - :
3 NF-L9 3 NF-49 3 NF-k9 5 NF-b9 3 NP-49 3 Hw-b9 - -
3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 - -
3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 RP-15
3 NF-10Y 3 NF-109 3 NF-109 3 NF- 10y 5 NF-109 3 NF-106 3 NF-112
3 NF-109 3 NF 10y 3 NF-10Y 3 NF-109 3 NF-10% 5 NF-.0y 3 NF-112
3 NF-100 3 NF-10" 3 NF-109 % NF-107 3 NP-109 3 NF-109 5 NF-112
5 NF-21 3 NF-21 3 NF-21 5 NF-21 3 NF-21 3 NF-21 - -
f NF-21 5 NF-21 1 NF-21 a NF-21 3 NF-21 3 NF-21 - -
. - - - 1 0.0 1 5.4 - - - - - -
- - - 1 0,03 - - - - - . . -
; NF-21 3 NF-21 5 NF-71 2 NF-21 3 NF-21 3 NF-21 - -
- - - - - 1 0.9 - - - - - -
3 NF-21 3 NF-21 3 NF-.11 3 NF-221 3 NF-21 3 KF-21 - -
5 NF-21 3 NF-21 3 NK-+11 3 NF-21 3 NE-21 3 nF-21 - -
3 NE-21 3 Fe-21 5 NF-21 3 NF-21 3  NF-21 3 P21 - -

Table 1



U-EEND STRESS-CORROS:

—_— S - % varg

0. Cr,.0, Soln.
Yield Diatilled Water __L__!Tﬂ Vater 25% NaOry % ~Salt 8
Strength Time to me to
0.2% Offset No. of Failure No. of Failure No. of Failure No. of

Alloy psi x 10°3 Specimens (Days) Specimens (Days) Specimens _(Days) Specimens
Ladish DGAC 197.5 1 NF-170" 2 NF-170 2 NF-170 2
1 167.6 - - - - -
222.5 1 137.3 2 NF-170 2 NF-170 2
222.5 1 1.7 - - - - -
235.0 1 20.2 1 NP-170 1 NF-170 2
235.0 1 32,9 1 353 - - -
252.0 1 18.4 1 28.9 2 NF-170 1
252.0 1 22,4 1 39.9 - - -
Type 300M 196.0 1 NF-170 2 NF-170 2 NF-1T0 2
196.0 1 11.7 - - - - -
213.0 1 18.4 2 NF-170 2 NF-1T70 2
213.0 1l 34.9 - - - - -
233.0 1 4.9 1 22.4 2 NF-170 2
233.0 1 34,9 1 29.1 - - -
Vascojet 1000 194.0 1 NF-170 1 140.7 2 NF-170 2
194,0 1 140.7 1 163.4 - - -
212.0 1 4.7 1 60.4 2 NF-170 2
212.0 1 .7 1 69.4 - - -
24%0.0 1 LY 1 Tk 2 NF-1T0 2
240.0 1 11.4 1 19.5 - - -
*

N¥ = No failure in 170 days.




TABLE 2 Report No. LO4kl4-0l-12

U-EEND STRESS-CORROSION TEST DATA

Environment
Cr.0. Soln. 1% Marquench
>y T Salt Soln. . 3% NaCl Soln. Trichloroethylene Cosmoline 4% Soluble-Oil Soln.
Time to Time to Time to Time to Time to Time to
Failure No. of Fallure No. of Failure No. of Failure No. of Failure No. of Failure
(Deys) Specimens (Days) Specimens (Deys) Specimens (Days) Specimens (Deys) Specimens  (Deys)
NF-1T70 2 NF-1T70 2 NF-170 2 NF-170 2 NF-1T70 2 NF-170
NF-170 2 NF-1T70 2 NF-1T70 2 NF-170 2 NF-1T70 2 NF-1T70
NF-1T0O 2 NF-1T70 1 62.4 2 NF-1T70 2 NF-1T70 2 NF-170
- - - 1 116.3 - - - - - -
NF-170 1 NF-1T0 1 18.5 1 NF-170 2 NF-1T70 2 NF-1T70
- - - - - 1 46.9 - - - -
NF-170 2 NF-170 1 NF-170 2 NF-170 2 NF-1T70 2 NF-1T70
- - - 1 149.4 - - - - - -
NF-170 2 NF-170 1 11.3 1 4g.9 2 NF-170 2 NF-1T70
- - - 1 ko.9 1 56.1 - - - -
NF-170 2 NF-170 1 11.3 2 NF-170 2 NF-170 2 NF-1T70
- - - 1 26.3 - - - - - -
NF-170 2 -NF-170 1 NF-170 2 NF-170 2 NF-1T70 2 NF-1T0
- - - 1 49.9 - - - - - -
NF-1T70 2 NF-170 1 1.7 2 NF-17C 2 NEF-1T70 2 NF-170
- - - 1 53.3 - - - - - -
NF-170 2 NF-170 1 k. b 1 46.9 2 NF-1T70 2 NF-170
- - - 1 6.8 1 46.9 - - - -

Table 2




